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GAS BARRIER LAMINATE AND METHOD
FOR PRODUCING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/JP2019/040106 filed Oct. 10, 2019,
claiming priority based on Japanese Patent Application Nos.
2018-202291 filed Oct. 26, 2018, 2018-202300 filed Oct. 26,
2018 and 2019-037164 filed Mar. 1, 2019.

TECHNICAL FIELD

The present mvention relates to a gas barrier laminate
having paper as a support, and to a method for producing it.

BACKGROUND ART

A packaging material having paper as a substrate and
given water vapor barrier properties and gas barrier prop-
erties (especially oxygen barrier properties) has heretofore
been used 1n packaging, for example, foods, medical sup-
plies and electronic parts for protecting the contents from
quality loss.

As a method for giving water vapor barrier properties and
gas barrier properties to a paper substrate, a method of
laminating a synthetic resin film or a metal foil excellent 1n
gas barrier properties on paper as a support 1s generally
known. However, 1n a material formed by laminating a
synthetic resin film or the like on a paper substrate, paper,
the synthetic resin or the like are diflicult to recycle after use,
and such a matenal 1s 1nconvenient 1n point of an environ-
mental aspect.

Accordingly, a gas barrier material having paper as a
substrate and not using a synthetic resin film or the like 1s
being developed. For example, PTL 1 discloses a paper-
made barrier material that has a water vapor barrier layer and
a gas barrier layer arranged 1n that order on a paper substrate.
The water vapor barrier layer contains a water vapor barrier
resin and a water repellent, and the gas barrier layer contains
a water-soluble polymer and a surfactant.

PTL 2 discloses a paper-made barrier packaging material
that has a water vapor barrier layer and a gas barrier layer
arranged on a paper substrate. The water vapor barrier layer
contains kaolin having an average particle size of 5 um or
more and an aspect ratio of 10 or more, 1n an amount of 50
to 100% by weight relative to the entire pigment therein, and
the binder resin 1n the gas barrier layer 1s a polyvinyl alcohol
resin.

Also, a paper-made barrier packaging material given
water vapor barrier properties and gas barrier properties not
using a synthetic resin film or the like, and further a
paper-made container shaped with a sealant layer provided
therein have been developed.

For example PTL 3 discloses a paper-made barrier pack-
aging material that has a water vapor barrier layer containing
a pigment and a binder and a gas barrier layer containing a
water-soluble polymer, arranged in that order on a paper
substrate. The water vapor barrier layer contains, as the
binder, a styrene-butadiene resin and a styrene-acrylic resin.
PTL 3 further discloses that, as the pigment, a pigment
(especially kaolin) having an average particle size of 5 um
or more and an aspect ratio of 50 or more 1s preferred and
a sealant layer (heat seal layer) 1s provided in the paper-
made barrier packaging materal.

10

15

20

25

30

35

40

45

50

55

60

65

2

PTL 4 discloses a paper-made container that uses a
paper-made barrier packaging material having a water vapor
barrier layer, a gas barrier layer and a sealant layer arranged
in that order on a paper substrate, as any member of a body
member, a bottom plate member and a lid member. The
water vapor barrier layer contains a styrene-butadiene syn-
thetic resin, and an morganic pigment having an average
particle size of 5 um or more and an aspect ratio of 10 or
more, and the gas barrier layer contains a polyvinyl alcohol.

CITATION LIST
Patent Literature
PTL 1: JP 6234654
PTL. 2: JP 5331265
PTL 3: JP 2014-173202 A
PTL. 4: JP 2017-124851 A
SUMMARY OF INVENTION

Technical Problem

However, 1n the paper-made barrier material described 1n
PTL 1, the water vapor barrier layer contains a water
repellent, and therefore the matenal 1s problematic 1n that a
uniform coating layer would be diflicult to form 1n forming
a gas barrier layer on the water vapor barrier layer. On the
other hand, the paper-made barrier maternial described 1n
PTL 2 has room for improvement of water vapor barrier
properties owing to the existence form of kaolin 1n the water
vapor barrier layer.

Although the paper-made barrier material described 1n
PTL 3 uses a pigment for improving the water vapor barrier
properties and the gas barrier properties and a preferred
aspect ratio of the pigment 1s disclosed therein, the material
does not have a point of view of optimizing the existence
form of the pigment in the water vapor barrier layer therein.
Consequently, the paper-made barrier material of PTL 3 still
has room for improvement of the processability of the
coating liquid for forming the water vapor barrier layer 1n
production and of the water vapor barrier properties of the
formed water vapor barrier layer.

In the paper container described i PTL 4, the paper
substrate 1s given water vapor barrier properties and gas
barrier properties not laminated with a synthetic resin film,
and the outermost sealant layer 1s formed by film-like
lamination with a thermoplastic resin according to an extru-
s1on lamination method or the like. Consequently, the paper
container of PTL 4 1s poor 1n disintegrability and therefore
has room for improvement 1n recyclability. Further, in this,
the sealant layer 1s formed according to a method different
from that in forming the water vapor barrier layer and the
gas barrier layer therein, and therefore the paper container
has another inconvenient that the production process 1s
complicated.

The present invention has been made 1n consideration of
the above-mentioned situation. Specifically, an object of the
present invention 1s to provide a gas barrier laminate that 1s
simple to produce and has excellent water vapor barrier
properties and gas barrier properties. Further, the present
invention 1s also to provide a gas barrier laminate excellent
in recyclability and heat sealing properties, and a method for
producing it.

Solution to Problem

The present inventors have made investigations about the
kind and the form of a layered inorganic compound 1n a
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water vapor barrier layer, and have found that using a
layered inorganic compound having an aspect ratio of 50 or
more 1s elfective for expressing water vapor barrier proper-
ties. Further, the mventors have found that, by adding a
cationic resin to a water vapor barrier layer, the coatability
and the internal structure of the water vapor barrier layer can
be mmproved. Further, the inventors have found that, by
dispersing a thermoplastic water-dispersible resin in a seal-
ant layer, a barrier laminate having high disintegrability and
excellent 1n recyclability can be obtained.

Based on these findings, the present invention has been
completed. Specifically, the present invention has the fol-
lowing constitution.

(1) A gas barrier laminate having a water vapor barrier layer
and a gas barrier layer in that order on at least one surface
of a paper support, wherein the water vapor barrier layer
contains a layered inorganic compound, a cationic resin
and an anionic binder, the aspect ratio of the layered
inorganic compound 1s 50 or more, the thickness of the
layered 1norganic compound 1s 200 nm or less, the content
of the layered 1norganic compound 1s 0.1 to 800 parts by
mass relative to 100 parts by mass of the anionic binder,
and the gas barrier layer contains a water-soluble polymer.

(2) The gas barrier laminate according to the above (1),
wherein the anionic binder 1s at least one selected from the
group consisting of a styrene-butadiene copolymer, a
styrene-acrylic copolymer, and an olefin-unsaturated car-
boxylic acid copolymer.

(3) The gas barrier laminate according to the above (1) or the
above (2), wherein the surface charge of the cationic resin
1s 0.1 to 10 meqg/g.

(4) The gas barrier laminate according to any one of the
above (1) to (3), wherein the water-soluble polymer 1s a
polyvinyl alcohol or a modified polyvinyl alcohol.

(5) The gas barrier laminate according to any one of the
above (1) to (4), wherein the gas barrier layer contains the
layered 1norganic compound.

(6) The gas barrer laminate according to any one of the
above (1) to (5), wherein the layered 1norganic compound
1s at least one selected from the group consisting of mica,
bentonite and kaolin.

(7) The gas barrier laminate according to any one of the
above (1) to (6), further having a sealant layer as at least
one outermost layer.

(8) The gas barrier laminate according to the above (7),
wherein the sealant layer contains a water-dispersible
resin.

(9) The gas barrier laminate according to any one of the
above (1) to (8), which 1s a packaging material.

(10) A method for producing the gas barrier laminate of any
one of the above (1) to (9), including forming a water
vapor barrier layer on at least one surface of a paper
support by coating, and then forming a gas barrier layer
on the water vapor barrier layer by coating.

Advantageous Effects of Invention

The gas barrier laminate of the present invention 1s simple
to produce, and has excellent water vapor barrier properties
and gas barrier properties, and also excellent recyclability
and heat sealing properties.

DESCRIPTION OF EMBODIMENTS

Hereinunder embodiments of the present invention are
described specifically. The constitutional elements may be
described below with reference to representative embodi-
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4

ments and specific examples of the invention, but the present
invention 1s not limited to the embodiments and the
examples. In the description herein, a numerical range
expressed as “to” means a range that includes the numerical
values described before and after “to” as a lower limit and
an upper limit.

The gas barrier laminate of this embodiment has a water
vapor barrier layer an a gas barrier layer 1n that order on at
least one surface of a paper support. Further, this may have
a sealant layer as at least one outermost layer. A water vapor
barrier layer and a gas barrier layer may be arranged on one
surface alone of a paper support, or a water vapor barrier
layer and a gas barrier layer may be arranged on both
surfaces of a paper support.

Hereinunder each layer that constitutes the gas barrier
laminate of this embodiment 1s described.
|Paper Support]

With no specific limitation, the paper support for use in
this embodiment may be any kind of generally-used paper
that consists of a vegetable-derived pulp as a main mgredi-
ent. Specifically, it includes bleached or unbleached kraft
paper, high-quality paper, paper board, liner paper, coated
paper, semi-enameled paper, glassine paper, and Graphan
paper, for example. Preferred 1s a type of paper that consists
of pulp readily dispersible in water by a mechanical disin-
tegrating action, as a main ingredient.

The disintegration freeness of the paper support, as mea-
sured according to JIS P8121:2012, 1s, from the viewpoint of
improving barrier properties, preferably 800 ml or less, more
preferably 500 ml or less. Here, the disintegration freeness
1s the Canadian standard freeness ol pulp prepared by
disintegrating paper according to JIS P8220-1 after paper-
making, and measured according to JIS P8121:2012. For
preparing the disintegration freeness, pulp may be disinte-
grated according to a known method.

The basis weight of the paper support 1s, not specifically
limited thereto, preferably 20 to 400 g/m”, more preferably
30 to 320 g/m”.

The sizing degree of the paper support 1s not specifically
limited, but from the viewpoint of improving barrier prop-
erties, the Stoeckigt sizing degree thereof according to JIS P
8122:2004 1s preferably 1 second or more. The sizing degree
of the paper support can be controlled by the kind and the
content of the internal sizing agent of rosin-type, alkylketene
dimer-type, alkenylsuccinic anhydride-type, styrene-
acrylic-type, high fatty acid-type, petroleum resin-type and
the like ones, and also by the kind of pulp and the planar-
1izing treatment, for example. The content of the internal
s1izing agent 1s, though not specifically limited thereto,
preferably within a range of 0 to 3 parts by mass or so
relative to 100 parts by mass of pulp of the paper support.

Any other known internal chemical agents may be appro-
priately added to the paper support. Examples of the internal
chemical agents include a loading material such as titanium
dioxide, kaolin, talc, and calcium carbonate, as well as a
paper strengthening agent, an yield improver, a pH regulator,
a freeness improver, a water resistant additive, a soitener, an
antistatic agent, a defoaming agent, a slime controlling
agent, and dye and pigment.
| Water Vapor Barrier Layer]

The water vapor barrier layer 1s a layer having a function
ol preventing water vapor penetration, and contains a lay-
ered 1norganic compound, a cationic resin and an anionic
binder.

(Layered Inorganic Compound)

The layered inorganic compound has a tabular form. A

mixed solution of a layered inorganic compound and a
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binder 1s prepared and applied to a paper support to form a
water vapor barrier layer. In the water vapor barrier layer, the
tabular layered inorganic compound i1s aligned in a state
layered almost in parallel to the face (surface) of the paper
support. In that state, the area where the layered inorganic
compound does not exist 1n the plane direction 1s small, and
therefore water vapor penetration therethrough is sup-
pressed. On the other hand, 1n the thickness direction, since
the tabular layered 1norganic compound 1s aligned to exist in
parallel to the face of the paper support, the water vapor in
the layer passes around the layered 1norganic compound and
water vapor penetration through the layer 1s thereby sup-
pressed. As a result, the water vapor barrier layer can express
excellent water vapor barrier properties.

Preferably, the layered inorganic compound has an aver-

age length of 1 um to 100 um. When the average length 1s
1 um or more, the layered mnorganic compound 1n the coating
layer can be readily aligned 1n parallel to the paper support.
When the average length 1s 100 um or less, there 1s little risk
ol protrusion of a part of the layered 1norganic compound
from the water vapor barrier layer.

The layered 1morganic compound has an aspect ratio of 50
or more. In other words, the aspect ratio of the compound 1s
50 or more than 50. When the aspect ratio 1s 50 or more, a
predetermined water vapor penetration degree can be
attained. The aspect ratio of the layered inorganic compound
1s preferably 80 or more, more preterably 300 or more, even
more preferably 500 or more. When the aspect ratio 1s larger,
water vapor penetration can be suppressed more to improve
water vapor barrier properties. In addition, when the aspect
ratio 1s larger, the amount of the layered inorganic com-
pound to be added can be reduced more. The upper limit of
the aspect ratio 1s not specifically limited, and 1s, from the
viewpoint of the viscosity of the coating liquid, preferably
around 10000 or less. Here, for the aspect ratio, the layered
inorganic compound 1s measured on an enlarged micro-
scopic picture of the cross section of the water vapor barrier
layer, and the length of the compound 1s divided by the
thickness thereotf, and the data are averaged to give an
average value to be the aspect ratio.

The layered 1norganic compound has a thickness of 200
nm or less. In other words, the thickness of the compound 1s
200 nm or less than 200 nm. Here, for the thickness of the
layered inorganic compound, the compound 1s measured on
an enlarged microscopic picture of the cross section of the
water vapor barrier layer, and the data are averaged to give
an average thickness of the compound. Preferably, the
thickness of the layered inorganic compound 1s 100 nm or
less, more preferably 50 nm or less. When the average
thickness of the layered inorganic compound 1s smaller, the
number of the layers of the layered inorganic compound in
the water vapor barrier layer could be larger to exhibit higher
water vapor barrier properties.

Specific examples of the layered inorganic compound
include mica of a mica group and a brittle mica group, and
bentonite, kaolimite (kaolin mineral), pyrophyllite, talc,
smectite, vermiculite, chlorite, septechlorite, serpentine, stil-
pnomelane, and montmorillonite.

Among these, from the viewpoint of improving barrier
properties, at least one selected from the group consisting of
mica, bentonite and kaolin 1s preferred, and mica or ben-
tonite 1s more preferred. Mica includes synthetic mica,
muscovite, sericite, phlogopite, biotite, fluorophlogopite (ar-
tificial mica), lepidolite, soda mica, vanadium mica, 1llite,
tin mica, paragonite, and brittle mica, for example. Benton-
ite includes montmorillonite.
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The content of the layered morganic compound 1s prei-
erably 90% by mass or less in the total solid content of the
water vapor barrier layer. The content of the layered 1nor-
ganic compound 1s, from the viewpoint of preventing for-
mation of voids 1n the film structure, more preferably 70%
by mass or less, even more preferably 30% by mass or less,
especially preferably 20% by mass or less, most preferably
10% by mass or less. On the other hand, the content of the
layered mnorganic compound is preferably 1% by mass or
more, more preferably 2% by mass or more. In this embodi-
ment, by increasing the aspect ratio of the layered inorganic
compound and by reducing the thickness thereof, the content
of the layered inorganic compound can be reduced. In
addition, by increasing the strength of the water vapor
barrier layer, the layered morganic compound can be pre-
vented from dropping from the water vapor barrier layer. In
particular, 1n the case where a layered 1norganic compound
having a large aspect ratio and a small thickness each falling
within a specific range 1s used, that 1s, in the case where a
layered inorganic compound having an aspect ratio of 80 or
more and a thickness of 100 nm or less each falling within
a specific range 1s used, and when an enlarged microscopic
picture of the water vapor barrier layer 1s taken, a dense film
without void can be formed, obviously different from a
conventional case. The dense film structure without void of
the water vapor barrier layer forms a tough coating film and
cllectively prevents bending and cracking. In addition, i1t
also prevents penetration of a coating liquid for a gas barrier
layer and contributes toward formation of a uniform gas
barrier layer.

The content of the layered inorganic compound 1s 0.1 to
800 parts by mass relative to 100 parts by mass of the
anionic binder in the water vapor barrier layer. The content
of the layered inorganic compound 1s, from the viewpoint of
preventing formation of voids 1n the film structure, prefer-
ably 1 to 400 parts by mass relative to 100 parts by mass of
the anionic binder in the water vapor barrier layer, more
preferably 1 to 200 parts by mass, even more preferably 1 to
100 parts by mass, especially preterably 1 to 50 parts by
mass, most preferably 1 to 20 parts by mass. When the
content of the layered mmorganic compound 1s 0.1 parts by
mass or more relative to 100 parts by mass of the anionic
binder 1n the water vapor barrier layer, water vapor barrier
properties can be readily expressed. Also when the content
of the layered morganic compound 1s 800 parts by mass or
less relative to 100 parts by mass of the anionic binder 1n the
water vapor barrier layer, a risk that a part of the layered
inorganic compound may be exposed out of the layer surface
to worsen water vapor barrier properties can be reduced. In
addition, a risk that the coatability with a gas barrier layer
worsens so that a uniform gas barrier layer could not be
formed and gas barrier properties may worsen can be
reduced.

(Cationic Resin)

The present inventors have found that, by adding a
cationic resin to the water vapor barrier layer containing a
layered 1norganic compound, water vapor barrier properties
can be greatly enhanced.

The reason why water vapor barrier properties can be
greatly enhanced by adding a cationic resin 1s considered to
be as follows. It 1s known that, in a layered inorganic
compound, the tabular plane part can be readily charged to
be anionic and the edge part can be readily charged to be
cationic, therefore forming a so-called card house structure
of layered inorganic compounds mutually stereographically
agoregated with each other. Owing to the card house struc-
ture, the viscosity of a water dispersion of the layered
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inorganic compound can be extremely high. On the other
hand, the card house structure 1s readily broken by force of
stirring or the like, and therefore a water dispersion of the
layered inorganic compound exhibits thixotropy.

Here, when an appropriate cationic resin 1s added, the
cationic resin 1s adsorbed to the anionic plane part of the
layered inorganic compound and the card house structure 1s
thereby broken. As a result, 1t 1s presumed that the layered
inorganic compound can be prevented from being stereo-
graphically aggregated, and the tabular layered inorganic
compound can be readily layered 1n parallel to the face of a
paper support to improve water vapor barrier properties.

Specific examples of the cationic resin include polyal-
kylene polyamine, polyamide compound, polyamidoamine-
epthalohydrin or {formaldehyde condensation product,
polyamine-epihalohydrin or formaldehyde condensation
product, polyamide polyurea-epthalohydrin or formalde-
hyde condensation product, polyamine polyurea-epihalohy-
drin or formaldehyde condensation product, polyamidoam-
ine polyurea-epithalohydrin or formaldehyde condensation
product, polyamide polyurea compound, polyamine poly-
urea compound, polyamidoamine polyurea compound and
polyamidoamine compound, polyethyleneimine, polyvi-
nylpyridine, amino-modified acrylamide compound, poly-
vinylamine, and polydiallyldimethylammonmium chloride.

The surface charge of the cationic resin 1s preferably 0.1
to 10 meqg/g, more preferably 0.1 to 5.0 meqg/g. When the
surface charge of the cationic resin falls within the range, the
resin can break a card house structure and can suitably
coexist with an anionic binder to be mentioned heremnunder.
The surface charge of the cationic resin 1s measured accord-
ing to the following method.

A polymer to be a sample 1s dissolved in water to prepare
a solution having a polymer concentration of 1 ppm. Using
a charge analyzer Mutek PCD-04 Model (by BTG Corpo-
ration), 0.001N sodium polyethylenesulionate 1s dropwise
added to the resultant solution to measure the charge amount
of the sample.

The content of the cationic resin may be appropriately
selected depending on the kind of the layered inorganic
compound and the amionic binder to be used in the water
vapor barrier layer and 1s, from the viewpoint of improving
barrier properties, preferably 1 to 300 parts by mass relative
to 100 parts by mass of the layered imorganic compound,
more preferably 1 to 2350 parts by mass, even more prefer-
ably 10 to 130 parts by mass, especially more preferably 20
to 150 parts by mass, and most preferably 20 to 100 parts by
mass.

Also the content of the cationic resin 1s preferably 0.1 to
20 parts by mass relative to 100 parts by mass of the anionic
binder in the water vapor barrier layer, more preferably 0.1
to 15 parts by mass, even more preferably 1 to 10 parts by
mass.

(Anionic Binder)

The present mventors have further found that when an
anionic binder 1s used, water vapor barrier properties can be
improved more. As described above, the plane part of a
layered inorganic compound 1s anionic but when a cationic
resin 1s adsorbed thereto, the surface becomes cationic.
Consequently, the aflinity of the resultant compound with an
anionic binder 1s 1ncreased.

The anionic binder 1s preferably a binder modified with a
monomer that contains a carboxylic acid group. The poly-
mer to form the skeleton of the anionic binder includes a
styrene-butadiene copolymer, a styrene-acrylic copolymer, a
methacrylate-butadiene copolymer, an acrylomitrile-butadi-
ene copolymer, an olefin-unsaturated carboxylic acid copo-
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lymer, an acrylic ester polymer and the like. Among these,
at least one selected from the group consisting of a styrene-
butadiene copolymer, a styrene-acrylic copolymer and an
olefin-unsaturated carboxylic acid copolymer 1s preferred, as
the water resistance of the coating layer 1s good and the
clongation thereof 1s good, and the layer 1s hardly cracked by
bending.

The styrene-butadiene copolymer 1s a copolymer to be
prepared by emulsion polymerization of monomers of an
aromatic vinyl compound such as styrene, a-methylstyrene,
vinyltoluene, p-t-butylstyrene or chlorostyrene, a conjugated
diene compound such as 1,3-butadiene, 1soprene, 2,3-dim-
cthyl-1,3-butadiene or 1,3-pentadiene, and any other com-
pound copolymerizable with these. The aromatic vinyl com-
pound 1s preferably styrene, and the conjugated diene
compound 1s preferably 1,3-butadiene.

The styrene-acrylic copolymer i1s a copolymer to be
prepared by emulsion polymerization of monomers of an
aromatic vinyl compound such as styrene, a-methylstyrene,
vinyltoluene, p-t-butylstyrene or chlorostyrene, an unsatu-
rated carboxylic acid such as acrylic acid, methacrylic acid,
crotonic acid, cinnamic acid, itaconic acid, fumaric acid,
maleic acid or butenetricarboxylic acid, an alkyl ester of an
unsaturated polycarboxylic acid having at least one carboxy
group such as i1taconic acid monoethyl ester, fumaric acid
monobutyl ester or maleic acid monobutyl ester, an unsatu-
rated sulfonic acid monomer or a salt thereof such as
acrylamidepropanesulfonic acid, sodium sulfoethyl acrylate
or sodium sulfopropyl methacrylate, and any other com-
pound copolymerizable with these. The aromatic vinyl com-
pound 1s preferably styrene, and the unsaturated carboxylic
acid monomer and the unsaturated sulfonic acid monomer or
salts thereol are preferably acrylic acid, methacrylic acid,
itaconic acid, fumaric acid and the like.

The olefin-unsaturated carboxylic acid copolymer 1s a
copolymer to be prepared by emulsion polymerization of
monomers of an olefin, especially an a-olefin such as
cthylene or propylene, and an unsaturated carboxylic acid
such as acrylic acid, methacrylic acid, crotonic acid, cin-
namic acid, itaconic acid, fumaric acid, maleic acid or
butenetricarboxylic acid, an alkyl ester of an unsaturated
polycarboxylic acid having at least one carboxy group such
as 1taconic acid monoethyl ester, fumaric acid monobutyl
ester or maleic acid monobutyl ester, an unsaturated sulfonic
acid monomer or a salt thereof such as acrylamidepropane-
sulfonic acid, sodium sulfoethyl acrylate or sodium sulfo-
propyl methacrylate, and any other compound copolymer-
izable with these. The olefin 1s preferably an a-olefin,
especially ethylene, for example, and the unsaturated car-
boxylic acid monomer, the unsaturated sulfonic acid mono-
mer or salts thereof are preferably acrylic acid, methacrylic
acid, 1itaconic acid and fumaric acid. As specific examples of
the olefin-unsaturated carboxylic acid copolymer, ifor
example, an aqueous dispersion of an ethylene-acrylic acid
copolymer ammonium salt 1s commercially sold as Zai-
kthene (registered trademark) AC (acrylic acid copolymer-
1zation ratio 20%, by Sumitomo Seika Chemicals Co., Ltd.),
and 1s easily available and usable.

Specifically, the other copolymerizable compounds
include a cyano group-containing ethylenically unsaturated

compound, an ethylenically unsaturated acid glycidyl ether,
an unsaturated alcohol glycidyl ether, and a (meth)acrylam-
ide compound, for example.

The anionic binder can be prepared by copolymerizing
and moditying a polymer to be the above-mentioned skel-
cton with a carboxylic acid-containing monomer. The copo-
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lymerization ratio of the carboxylic acid group-containing
monomer 1s preferably 1 to 50 mol %.
The weight-average molecular weight of the amionic

binder 1s, from the viewpoint of the viscosity of the coating
liquid, preferably 10,000 to 10,000,000, more preferably

100,000 to 5,000,000.

Though not specifically limited, the content ratio of the
anionic binder 1s preferably 20% by mass or more in the total
solid content in the water vapor barrier layer, more prefer-
ably 50% by mass or more, even more preferably 60% by
mass or more, especially preferably 70% by mass or more,
most preferably 80% by mass or more.

If desired, a dispersant, a surfactant, a defoaming agent, a
wetting agent, a dye, a color regulator, a thickener and the
like may be optionally added to the water vapor barrier layer,
in addition to the layered inorganic compound, the cationic
resin and the anionic binder.

The thickness of the water vapor barrier layer 1s prefer-
ably 1 to 30 um, more preferably 3 to 20 um. Also prefer-
ably, the coating amount of the water vapor barrier layer 1s

1 to 30 g¢/m” as a solid content therein, more preferably 3 to
20 g/m>.
|Gas Barrier Layer]

The gas barrier layer 1s a layer having a main function of
preventing penetration of an oxygen gas, and contains a
water-soluble polymer.

(Water-Soluble Polymer)

Examples of the water-soluble polymer include a polyvi-
nyl alcohol, a modified polyvinyl alcohol, starch and a
derivative thereot, a cellulose dertvative, a polyvinylpyrroli-
done, an urethane resin, a polyacrylic acid and a salt thereof,
casein, and a polyethyleneimine.

Among these, a completely saponified or partially saponi-
fied polyvinyl alcohol, or a modified polyvinyl alcohol 1is
preferred, as excellent 1n gas barrier properties. The modi-
fied polyvinyl alcohol includes an ethylene-modified poly-
vinyl alcohol, a carboxy-modified polyvinyl alcohol, a sili-
con-modified polyvinyl alcohol, an acetoacetyl-modified
polyvinyl alcohol, and a diacetone-modified polyvinyl alco-
hol, for example.

The content of the water-soluble polymer 1s preferably 50
to 100% by mass 1n the total solid content in the gas barrier
layer, more preferably 70 to 100% by mass.

The gas barrier layer may also contain the above-men-
tioned layered inorganic compound, like the water vapor
barrier layer. In the case where a layered inorganic com-
pound 1s contained in the gas barrier layer, the content of the
layered inorganic compound 1s, though not specifically
limited, preterably 1 to 20 parts by mass or so relative to 100
parts by mass of the water-soluble polymer 1n the gas barrier
layer, more preferably 5 to 15 parts by mass. The layered
inorganic compound 1s, from the viewpoint of improving
barrier properties, preferably at least one selected from the
group consisting of mica, bentonite and kaolin. The layered
inorganic compound contained 1n the gas barrier layer may
be the same kind as that of the layered inorganic compound
contained 1n the water vapor barrier layer, or may a different
kind from the latter.

If desired, a pigment, a dispersant, a surfactant, a defoam-
ing agent, a wetting agent, a dye, a color regulator, a
thickener and the like may be optionally added to the gas
barrier layer, in addition to the water-soluble polymer and
the layered inorganic compound. From among the layered
inorganic compounds usable 1n the water vapor barrier layer,
any desired one can be appropriately selected and contained
in the gas barrier layer.
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The thickness of the gas barrier layer 1s preterably 0.1 to
10 um, more preferably 0.5 to 5 um. The coating amount of
the gas barrier layer is preferably 0.1 to 10 g/m* as a solid
content, more preferably 0.5 to 5 g/m”.

[Sealant Layer]
The sealant layer 1s a layer capable of mutually bonding

gas barrier laminates to each other by hot melting by heat or
ultrasonic waves.

The gas barrier laminate has a water vapor barrier layer
and a gas barrier layer in that order on at least one surface
ol a paper support, and may further have a sealant layer as
at least one outermost layer. Namely, the sealant layer may
be formed on any one or both of the surface of the gas barrier
layer on the side of the paper support on which a water vapor
barrier layer and a gas barrier layer are formed, or the
surface of the paper support on the side on which a water
vapor barrier layer and a gas barrier layer are not formed.

The sealant layer 1s formed by coating with an emulsified
dispersion that contains a water-dispersible thermoplastic
resin (water-dispersible resin). Thus formed, the sealant
layer can heat-seal the water-dispersible resin dispersed 1n
the layer to mutually bond gas barrier laminates to each
other, even though 1t does not have a form of a film of a
thermoplastic resin. Such a sealant layer 1s more highly
disintegrable than a layer of a film of a thermoplastic resin
and 1s suitable for recycling by disintegration, and therefore
can reduce the environmental load of gas barrier laminates.

As mentioned above, the sealant layer 1s formed by
coating, and therefore the sealant layer can be formed 1n the
same manner as that for forming the water vapor barrier
layer and the gas barrier layer, that 1s, as compared with a
case where the sealant layer 1s formed by lamination or the
like, the gas barrier laminate of the type can be produced 1n
a more simplified manner.

The water-dispersible resin for use in the sealant layer 1s
preferably at least one selected from the group consisting of
a carboxy group-having polyolefin, a polyolefin elastomer,
an ethylene-vinyl acetate copolymer, an ionomer resin, a
low-molecular-weight polyolefin wax, and a biodegradable
resin. Such a water-dispersible resin can make up minor
coating defects of the water vapor barrier layer or the gas
barrier layer by forming a layer thereol according to the
same coating method. Accordingly, 1n this embodiment, the
content ratio of the layered mmorganic compound and the
cationic resin can be selected from a further broader range
to suppress reduction 1n barrier properties.

The sealant layer preferably contains a biodegradable
resin. Not specifically limited, examples of the biodegrad-
able resin 1include polylactic acid (PLA), polybutylene suc-
cinate (PBS), polybutylene succinate adipate (PBSA), and
3-hydroxybutanoic acid/3-hydroxyhexanoic acid copolymer
(PHBH).

The thickness of the sealant layer 1s preferably 1 to 50 um,
more preferably 3 to 30 um. The coating amount of the
sealant layer is preferably 1 to 50 g¢/m* as a solid content,
more preferably 3 to 30 g/m”.
|Gas Barrier Laminate]

(Production Method)

The gas barrier laminate can be produced by first applying
a coating liquid for forming a water vapor barrier layer to at
least one surface of a paper support to form a water vapor
barrier layer thereon, and then applying a coating liquid for
forming a gas barrier layer thereto to form a gas barrier layer.
Each layer can be formed by successive coating with a
coating liquid and drying, or may be formed by simultane-
ous multilayer coating followed by drying.
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The gas barrier laminate can also be produced by forming
a water vapor barrier layer on at least one surface of a paper

support by coating, then forming a gas barrier layer on the
water vapor barrier layer by coating, and then forming a
sealant layer as at least one outermost layer by coating. Each
layer can be formed by successive coating with a coating
liguud and drying, or may be formed by simultaneous
multilayer coating followed by drying. In that manner, in the
method for producing a gas barrier laminate of this embodi-
ment, the water vapor barrier layer, the gas barrier layer and
the sealant layer are formed all by coating, and therefore the
production method 1s simple.

Not specifically limited, the solvent for the coating liquid
may be any of water or an organic solvent such as ethanol,
1sopropyl alcohol, methyl ethyl ketone or toluene.

Not specifically limited, the coating device for coating a
paper support with a coating liquid may be any known
device. Examples ol the coating device include a blade
coater, a bar coater, an air knife coater, a slit die coater, a
gravure coater, a microgravure coater, and a gate roll coater.
Especially 1n forming a water vapor barrier layer, a coater
capable of scraping the surface to be coated, such as a blade
coater, a bar coater, an air knife coater or a slit die coater 1s
preferred as promoting orientation of the layered inorganic
compound 1n the formed layer.

Also not specifically limited, the drying device for drying
the coating layer may be any known device. Examples of the
coating device include a hot air dnier, an IR drier, a gas
burner and a hot plate.

The gas barrier laminate of this embodiment contains a
layered 1morganic compound, a cationic resin and an anionic
binder 1n the water vapor barrier layer therein, and therefore
the viscosity of the coating liquid for the water vapor barrier
layer does not increase excessively, and the workability
(coatability) in production 1s excellent. Owing to such
excellent coatability, the layered inorganic compound in the
water vapor barrier layer 1s approprately oriented and
layered, therefore providing excellent water vapor barrier
properties. Since the surface of the water vapor barrier layer
1s Tormed flatly, the gas barrier layer thereon can be formed
uniformly, therefore providing excellent gas barrier proper-
ties. In the case where a sealant layer 1s formed on the gas
barrier layer by coating, the sealant layer can also be formed
uniformly owing to the uniformness of the gas barrier layer,
therefore providing excellent heat sealing properties. Fur-
ther, the sealant layer formed of an emulsified dispersion that
contains a water-dispersible resin realizes the heat sealing
function, and therefore the gas barrier laminate 1s simple to
produce and 1s excellent 1n recyclability.

Taking advantage of the above-mentioned excellent water
vapor barrier properties and gas barrier properties, the gas
barrier laminate of this embodiment can be favorably used
as packaging materials for foods, medical supplies and
clectronic parts. In addition, the gas barrier laminate of this
embodiment 1s resistant to bending and cracking, and can
also be favorably used as soit packaging matenals.

EXAMPLES

Hereinunder the gas barrier laminate of the present inven-
tion 1s described more specifically with reference to
Examples, but the present invention i1s not limited to these.
In Examples and Comparative Examples, “part” and “%” are
“part by mass” and “% by mass” respectively, unless oth-
erwise specifically indicated.

Raw materials used i Examples and Comparative
Examples are as follows.
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(1) Paper Support

Bleached kraft paper: basis weight 70 g/m?, thickness 100
L.

(2) Layered Inorganic Compound

Mica: swelling mica, particle size 6.3 um, aspect ratio
about 1000, thickness about 5 nm, solid content 6%, product
name: NTO-035, by Topy Industries, Limited.

Bentonite: swelling bentonite, particle size 300 nm, aspect
ratio 300, thickness about 1 nm, solid content 100%, product
name: Kunipia F, by Kunimine Industries, Co., Ltd.

Kaolin: Engineered kaolin, particle size 9.0 um, aspect
ratio 80 to 100, thickness about 0.1 um, solid content 100%,
product name: BARRISURF HX, by IMERYS Minerals
Japan K.K.

Phlogopite: particle size 20 um, aspect ratio 20 to 30,
thickness about 1 um, solid content 100%, product name:
AB32, by Yamaguchi Mica Co., Ltd.

(3) Cationic Resin

Modified polyamide resin: solid content 53%, product
name: SPI203(50), by Taoka Chemical Co., Ltd., surface
charge 0.4 meq/g.

(4) Anionic Binder

Acid-modified SBR latex: solid content 47.3%, product
name: 1L.X407512, by Zeon Corporation.

Acid-modified SBR latex: solid content 50.5%, product
name: LX407BP-6, by Zeon Corporation.

Styrene-acrylic resin emulsion: solid content 53.8%,
product name: Herbil C-3, by Dai-ichi Toryo Mig., Ltd.

Olefin/unsaturated carboxylic acid emulsion: solid con-
tent 29.0%, product name: Zaikthene AC, by Sumitomo
Seika Chemicals Co., Ltd.

(5) Water-Soluble Polymer

Polyvinyl alcohol: completely saponified polyvinyl alco-
hol, product name: Poval PVA117/, by Kuraray Co., Ltd.
(6) Water-Dispersible Resin

Carboxy-modified polyolefin (PO) polymer emulsion:
counter ion: ammonium 1on, solid content 28.5%, product
name: Zaikthene AC, by Sumitomo Seika Chemicals Co.,
Ltd.

Carboxy-modified polyolefin (PO) polymer emulsion:
counter 1on: alkylammonium 10n, solid content 23.0%, prod-
uct name: Zaikthene L, by Sumitomo Seika Chemicals Co.,
Ltd.

Carboxy-modified polyolefin (PO) polymer emulsion:
counter 1on: sodium 10n, solid content 23.0%, product name:
Zaikthene N, by Sumitomo Seika Chemicals Co., Ltd.

Polyolefin (PE) elastomer emulsion: solid content 40.0%,
product name: Chemipearl A400, by Mitsui Chemicals, Inc.

Polyolefin (PE) elastomer emulsion: solid content 40.0%,
product name: Chemipearl A100, by Mitsui Chemicals, Inc.

Polyolefin (LDPE) elastomer emulsion: solid content
40.0%, product name: Chemipearl M200, by Mitsu1 Chemi-
cals, Inc.

Ethylene/vinyl acetate (EVA) emulsion: solid content
40.0%, product name: Chemipearl V200, by Mitsu1 Chemi-
cals, Inc.

Ionomer (I10) emulsion: solid content 27.0%, product
name: Chemipearl S200, by Mitsui Chemaicals, Inc.

Low-molecular weight polyolefin (PE) wax emulsion:
solid content 40.0%, product name: Chemipearl W400, by
Mitsu1 Chemaicals, Inc.

Polylactic acid resin (PLA) emulsion: solid content
40.0%, product name: LANDY PL-3000, by Miyoshi O1] &

Fat Co., Ltd.

(7) Sealant Film
Low-density polyethylene: LDPE, product name: Suntec

1.4490, by Asahi Kasei1 Corporation
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Polylactic acid film: PLA, product name:
Mitsubishi Chemical Corporation

Polybutylene succinate: PBS, product name: Bio PBS
FZ71, by Mitsubish1 Chemical Corporation

LLDPE film: T.U.X FCS, 30 um thick, by Mitsu1 Chemi-

cals Tohcello, Inc.

Ecoloju, by

Example 1

With stirring, 90.0 parts of an anionic binder, acid-
modified SBR latex (LX407512) and 9.4 parts of an acid-
modified SBR latex (LX407BP-6) were added to 47.3 parts
ol an aqueous dispersion of a layered 1mmorganic compound
(swelling mica, NTO-05) and stirred. 4.5 parts of a cationic
resin, modified polyamide resin (SP1203 (350)) was added
thereto, and stirred. Further, 0.6 parts of an aqueous 25%
ammonia was added and stirred. Further, dilution water was
added to give a coating liquid for a water vapor barrier layer
having a solid concentration of 32%.

An aqueous solution of a water-soluble polymer, polyvi-
nyl alcohol (PVA, Poval PVA117) having a solid concen-
tration ol 10% was prepared to be a coating liquid for a gas
barrier layer.

The resultant coating liquid for a water vapor barrier layer
was applied to one surface of bleached kraft paper so that the
coating amount of the liquid for a water vapor barrier layer
after dried could be 13 g/m°, using a Mayer bar, and then
dried 1n a hot air drying machine at 120° C. for 1 minute to
form a water vapor barrier layer. Further, on the water vapor
barrier layer, a coating liquid for a gas barrier layer was
applied so that the coating amount of the liquid for a gas
barrier layer after dried could be 2.0 g/m>, using a Mayer
bar, and then dried 1n a hot air drying machine at 120° C. for

1 minute to form a gas barrier layer, thereby giving a gas
barrier laminate. The coating amount was controlled by the
solid concentration 1n the coating liquid and by the count of
the Mayer bar.

Example 2

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the amount of the modified
polyamide resin to be added was changed to 0.1 parts.

Example 3

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the amount of the modified
polyamide resin to be added was changed to 3.8 parts.

Example 4

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the amount of the modified
polyamide resin to be added was changed to 11.3 parts.

Example 5

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the amount of the modified
polyamide resin to be added was changed to 13.1 parts.

Example 6

A gas barrier laminate was produced 1n the same manner
as 1 Example 1, except that 47.3 parts of the aqueous
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dispersion of a layered inorganic compound (swelling mica,
NTO-05) was changed to 12 parts of bentonite (swelling
bentonite, Kunipia F).

Example 7

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that 47.3 parts of the aqueous

dispersion of a layered mnorganic compound (swelling mica,
NTO-05) was changed to 20 parts of kaolin (BARRISURF

HX).

Example 8

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that 90.0 parts of the acid-modified
SBR latex (LX407512) and 9.4 parts of the acid-modified
SBR latex (LLX407BP-6) of the coating liquid for the water
vapor barrier layer were changed to 87.9 parts of a styrene-
acrylic resin emulsion (Herbil C-3).

Example 9

A gas barrier laminate was produced 1n the same manner
as 1n Example 8, except that the amount of the modified
polyamide resin to be added was changed to 0.1 parts.

Example 10

A gas barrier laminate was produced 1n the same manner
as 1n Example 8, except that the amount of the modified
polyamide resin to be added was changed to 3.8 parts.

Example 11

A gas barrier laminate was produced 1n the same manner
as 1 Example 8, except that the amount of the modified
polyamide resin to be added was changed to 11.3 parts.

Example 12

A gas barrier laminate was produced in the same manner
as 1 Example 8, except that the amount of the modified
polyamide resin to be added was changed to 15.1 parts.

Example 13

A gas barrier laminate was produced in the same manner
as 1n Example 8, except that 47.3 parts of the aqueous
dispersion of a layered mnorganic compound (swelling mica,
NTO-05) was changed to 12 parts of bentonite (swelling
bentonite, Kunipia F).

Example 14

A gas barrier laminate was produced 1n the same manner
as 1 Example 8, except that 47.3 parts of the aqueous

dispersion of a layered mnorganic compound (swelling mica,
NTO-05) was changed to 20 parts of kaolin (BARRISURF

HX).

Example 15

A gas barrier laminate was produced 1n the same manner

as 1n Example 1, except that 90.0 parts of the acid-modified
SBR latex (LX407512) and 9.4 parts of the acid-modified

SBR latex (LX407BP-6) of the coating liqud for the water
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vapor barrier layer were changed to 162.0 parts of an
olefin/unsaturated carboxylic acid resin emulsion (Zaikthene

AQ).

Example 16

A gas barrier laminate was produced 1n the same manner
as 1n Example 8, except that a step of laminating a sealant
layer 1n a thickness of 30 um was added by extrusion
lamination of low-density polyethylene (LDPE) on both
surfaces of the gas barrier laminate having, as formed
thereon, a water vapor barrier layer and an oxygen barrier
layer.

Example 17

A gas barrier laminate was produced 1n the same manner
as 1n Example 16, except that the lamination method was
changed to dry lamination with a polylactic acid (PLA) film
and that the film was laminated only on the gas barrier layer
side.

Example 18

A gas barrier laminate was produced 1n the same manner
as 1 Example 16, except that the resin for lamination was
changed from low-density polyethylene to polybutylene
succinate (PBS).

Example 19

A gas barrier laminate was produced 1n the same manner
as 1n Example 17, except that 87.9 parts of the styrene-
acrylic resin emulsion (Herbil C-3) 1n the coating liquid for
a water vapor barrier layer was changed to 162.0 parts of an

olefin/unsaturated carboxylic acid resin emulsion (Zaikthene
AC).

Example 20

A gas barrier laminate was produced 1n the same manner
as in Example 1, except that 335 parts of an aqueous solution
ol a water-soluble polymer, polyvinyl alcohol (PVA, Poval
PVA117) having a solid concentration of 12% and not 10%,
66.7 parts of an aqueous dispersion of a layered inorganic
compound (swelling mica, NTO-05) and 40 parts of water
were mixed to prepare a coating liquid for a gas barrier layer.

Example 21

A gas barrier laminate was produced 1n the same manner
as in Example 8, except that 335 parts of an aqueous solution
ol a water-soluble polymer, polyvinyl alcohol (PVA, Poval
PVA117) having a solid concentration of 12% and not 10%,
66.7 parts of an aqueous dispersion of a layered inorganic
compound (swelling mica, NTO-05) and 40 parts of water
were mixed to prepare a coating liquid for a gas barrier layer.

Example 22

A gas barrier laminate was produced 1n the same manner

as 1 Example 15, except that 335 parts of an aqueous

solution of a water-soluble polymer, polyvinyl alcohol
(PVA, Poval PVA117) having a solid concentration of 12%
and not 10%, 66.7 parts of an aqueous dispersion of a
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layered inorganic compound (swelling mica, NTO-05) and
40 parts of water were mixed to prepare a coating liquid for
a gas barrier layer.

Example 23

A gas barrier laminate was produced 1n the same manner
as 1 Example 17, except that 335 parts of an aqueous
solution of a water-soluble polymer, polyvinyl alcohol
(PVA, Poval PVA117) having a solid concentration of 12%
and not 10%, 66.7 parts of an aqueous dispersion of a
layered inorganic compound (swelling mica, NTO-05) and
40 parts of water were mixed to prepare a coating liquid for
a gas barrier layer.

Example 24

A gas barrier laminate was produced 1n the same manner
as in Example 1, except that 335 parts of an aqueous solution
ol a water-soluble polymer, polyvinyl alcohol (PVA, Poval
PVA117) having a solid concentration of 12% and not 10%,
35.0 parts of an aqueous dispersion of a layered norganic
compound (swelling mica, NTO-05) and 40 parts of water
were mixed to prepare a coating liquid for a gas barrier layer.

Example 25

A gas barrier laminate was produced 1n the same manner
as in Example 1, except that 335 parts of an aqueous solution
ol a water-soluble polymer, polyvinyl alcohol (PVA, Poval
PVA117) having a solid concentration of 12% and not 10%,
90.0 parts of an aqueous dispersion of a layered inorganic
compound (swelling mica, NTO-05) and 40 parts of water
were mixed to prepare a coating liquid for a gas barrier layer.

Example 26

A gas barrier laminate was produced in the same manner

as 1 Example 15, except that 47.3 parts of the aqueous
dispersion of a layered inorganic compound (swelling mica,
NTO-05) was changed to 94.0 parts of kaolin (BARRISURF
HX).

Example 27

A gas barrier laminate was produced in the same manner
as 1 Example 15, except that 47.3 parts of the aqueous

dispersion of a layered inorganic compound (swelling mica,
NTO-05) was changed to 188.0 parts of kaolin (BARRI-

SURF HX).

Example 28

A gas barrier laminate was produced 1n the same manner
as 1n Example 26, except that a step of laminating a sealant
layer 1 a thickness of 30 um was added by extrusion
lamination of polybutylene succinate (PBS) on both surfaces
of the gas barrier laminate having, as formed thereon, a
water vapor barrier layer and an oxygen barrier layer.

Comparative Example 1

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the coating liquid for a water
vapor barrier layer did not contain a modified polyamide
resin.
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Comparative Example 2

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that 47.3 parts of the aqueous

18

The resultant gas barrier laminates (in Examples 16 to 19
and 28, the sealant layer-having gas barrier laminates) were
evaluated in point of water vapor barrier properties (water
vapor permeability), gas barrier properties (oxygen perme-

dispersion of a layered morganic compound (swelling mica, s ability) and denseness. Evaluation methods for each item are
NTO-05) was changed to 20 parts of kaolin (BARRISURF as shown below.
HX) and that the coating liquid for a water vapor barrier <Water Vapor Permeability>
layer did not contain a modified polyamide resin. According to JIS-Z-0208 (cup method), B method (40°
_ C.20.5° C., 90%=2% RH), the laminate was tested while the
Comparative Example 3 1o water vapor barrier layer thereof was kept inside. Regarding
_ _ _ the standard for the water vapor permeability, when the
A gas barrier laminate was pr oduceq 1 j[he.same Halner found value is 50 g/m>-24 h or less, the water vapor barrier
as 1n Example 8, except that the coating liquid for a water layer is practicable.
vapor barrier layer did not contain a modified polyamide <Oxygen Permeability>
TS, s Using an oxygen permeability measuring apparatus (by
_ MOCON Corporation, OX-TRAN2/20), the laminate was
Comparative Example 4 analyzed under the condition of 23° C. and 50% RH.
_ _ _ Regarding the standard for the oxygen permeability, when
A gas barrier laminate was produced in the same manner the found value is 10 cc/m>-24 h or less, the gas barrier layer
as 1 Example 8, except that 47.3 parts of the aqueous is practicable.
dispersion of a layered mmorganic compound (swelling mica, 20 <Denseness>
NTO-05) was changed to 20 parts of kaolin (BARRISURF A cross section of the gas barrier laminate was visually
HX) and that the coating liquid for a water vapor barrier  observed on an enlarged microscopic picture (electron
layer did not contain a modified polyamide resin. microscopic picture) thereol, and evaluated according to the
_ following criteria. A and B were judged to be good. In
Comparative Example 5 ~»5 particular, voids 1n the cross section picture were discerned
as conftrast mconsistency to achieve strict film structure
A gas barrier laminate was produced 1n the same manner evaluation.
as 1n Example 8, except that 47.3 parts of the aqueous A: The water vapor barrier layer is uniform and is highly
dispersion of a layered 1norganic compound (swelling mica, dense, and has high barrier properties.
NTO-05) was changed to 20 parts of phlogopite (AB32). B: In the water vapor barrier layer, the layered inorganic
3 compound 1s distinct, but the layer 1s highly dense and has
Comparative Example 6 high barrier properties.
C: The water vapor barrier layer 1s dense, but has poor
A gas barrier laminate was produced 1n the same manner barrier properties.
as 1 Example 8, except that 47.3 parts of the aqueous D: The water vapor barrier layer 1s extremely poorly
dispersion of a layered inorganic compound (swelling mica, 35 dense, and has poor barrier properties.
NTO-05) was changed to 20 parts of phlogopite (AB32) and The evaluation results of the gas barrier laminates of
that the coating liquid for a water vapor barrier layer did not Examples 1 to 28 and Comparative Examples 1 to 6 are
contain a modified polyamide resin. shown 1n Table 1 and Table 2.
TABLE 1
Water Vapor Barrier Layer
Content of Content of Gas
Cationic Layered Barrier
Resin Aspect Thickness Inorganic Layer
(anionic Kind of Ratio of  of Layered Compound Kind of
Kind of binder 100 Layered Layered Inorganic  (anionic binder  Water-
Anionic parts) Inorganic Inorganic  Compound 100 parts) Soluble
Binder part by mass  Compound  Compound nm part by mass  Polymer
Example 1 SBR 5.0 mica 1000 5 6.0 PVA
Example 2 SBR 0.1 mica 1000 5 6.0 PVA
Example 3 SBR 4.3 mica 1000 5 6.0 PVA
Example 4 SBR 12.7 mica 1000 S 6.0 PVA
Example 5 SBR 16.9 mica 1000 S 6.0 PVA
Example 6 SBR 5.0 bentonite 300 1 25.4 PVA
Example 7 SBR 5.0 kaolin 80-100 100 42.3 PVA
Example & styrene- 5.0 mica 1000 5 6.0 PVA
acrylic-based
Example 9 styrene- 0.1 mica 1000 5 6.0 PVA
acrylic-based
Example 10 styrene- 4.3 mica 1000 5 6.0 PVA
acrylic-based
Example 11 styrene- 12.7 mica 1000 5 6.0 PVA
acrylic-based
Example 12 styrene- 16.9 mica 1000 5 6.0 PVA
acrylic-based
Example 13 styrene- 5.0 bentonite 300 1 25.4 PVA
acrylic-based
Example 14 styrene- 5.0 kaolin 80-100 100 42.3 PVA

acrylic-based
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TABLE 1-continued
Example 15 olefin/ 5.1 mica 1000 5 6.0 PVA
unsaturated
carboxylic
acid-based
Example 16 styrene- 5.0 mica 1000 5 6.0 PVA
acid-based
Example 17 styrene- 5.0 mica 1000 5 6.0 PVA
acrylic-based
Example 18 styrene- 5.0 mica 1000 5 6.0 PVA
acrylic-basect
Example 19 olefin/ 5.1 mica 1000 5 6.0 PVA
unsaturated
carboxylic
acid-based
(Gas Barrier Layer
Content of
Layered Performance
Kind of Inorganic Sealant Water
Layered Compound Layer Vapor Oxygen
Inorganic (water-soluble  Kind of Permeability  Permeability
Compound resin 100 parts)  Resin o/m?-24h cc/m?-24h Denseness
Example 1 - - - 13 0.5 A
Example 2 - - - 34 1.5 A
Example 3 - - - 23 1.2 A
Example 4 - - - 36 1.5 A
Example 3 - - - 50 1.%8 A
Example 6 — — — 43 1.7 A
Example 7 - - - 49 2.1 B
Example 8 - - - 15 0.5 A
Example 9 - - - 31 1.5 A
Example 10 - - - 20 1.0 A
Example 11 - - - 38 1.6 A
Example 12 - - - 42 1.9 A
Example 13 - - - 40 1.3 A
Example 14 - - - 48 2.4 B
Example 15 - - - 12 1.0 A
Example 16 - - LDPE 9 0.5 A
Example 17 - - PLA 11 0.6 A
Example 1% - - PBS 11 0.5 A
Example 19 - - PLA 2 1.0 A
TABLE 2
Water Vapor Barrier Layer
Content of Content of Gas
Cationic Layered Barrier
Resin Aspect Thickness Inorganic Layer
(anionic Kind of Ratio of  of Layered Compound Kind of
Kind of binder 100 Layered Layered Inorganic  (amionic binder  Water-
Anionic parts) Inorganic Inorganic  Compound 100 parts) Soluble
Binder part by mass  Compound  Compound nm part by mass Polymer
Example 20 SBR 5.0 mica 1000 5 6.0 PVA
Example 21 styrene- 5.0 mica 1000 5 6.0 PVA
acrylic-based
Example 22 olefin- 5.1 mica 1000 5 6.0 PVA
unsaturated
carboxylic
acid-based
Example 23 styrene- 5.0 mica 1000 5 6.0 PVA
acrylic-based
Example 24 SBR 5.0 mica 1000 5 6.0 PVA
Example 25 SBR 5.0 mica 1000 5 6.0 PVA
Example 26 olefin- 5.1 kaolin 80-100 100 200 PVA
unsaturated
carboxylic
acid-based
Example 27 olefin- 5.1 kaolin 80-100 100 400 PVA
unsaturated
carboxylic

acid-based
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TABLE 2-continued
Example 28 olefin- 5.1 kaolin 80-100 100 200 PVA
unsaturated
carboxylic
acid-based
Comparative SBR 0.0 mica 1000 5 6.0 PVA
Example 1
Comparative SBR 0.0 kaolin 80-100 100 42.3 PVA
Example 2
Comparative styrene- 0.0 mica 1000 5 6.0 PVA
Example 3  acrylic-based
Comparative styrene- 0.0 kaolin 80-100 100 42.3 PVA
Example 4  acrylic-based
Comparative styrene- 5.0 phlogopite 20-30 1000 42.3 PVA
Example 5  acrylic-based
Comparative styrene- 0.0 phlogopite 20-30 1000 42.3 PVA
Example 6  acrylic-based
(Gas Barrier Layer
Content of
Layered Performance
Kind of Inorganic Sealant Water
Layered Compound Layer Vapor Oxygen
Inorganic (water-soluble  Kind of Permeability  Permeability
Compound resin 100 parts)  Resin o/m?-24h cc/m?-24h Denseness
Example 20 mica 10 — 9 0.4 A
Example 21 mica 10 - 9 0.4 A
Example 22 mica 10 — 9 0.6 A
Example 23 mica 10 - 7 0.4 A
Example 24 mica 5.2 — 9 0.4 A
Example 25 mica 13.4 — 9 0.4 A
Example 26 - - - 38 1.5 B
Example 27 - - - 40 1.2 B
Example 28 — — PBS 17 0.8 B
Comparative — — — 93 11.0 C
Example 1
Comparative — — — 122 9.3 C
Example 2
Comparative — — — 95 11.1 C
Example 3
Comparative — — — 134 10.6 C
Example 4
Comparative — — — 120 7.6 D
Example 5
Comparative — — — 186 12.1 D
Example 6

As obvious from Table 1 and Table 2, 1n the case where
a cationic resin was not contained, a layered inorganic
compound was dithicult to uniformly disperse and therefore
suilicient barrier properties could not be attained (Compara-
tive Examples 1 to 4, Comparative Example 6). In addition,
when the thickness of the layered 1norganic compound was
large and the aspect ratio was less than 50, suflicient barrier
properties could not also be attained (Comparative Example
5). On the other hand, 1n the case where a layered 1norganic
compound having a small thickness and having an aspect
ratio of 50 or more was used and where a cationic resin was
contained, the layered inorganic compound having a high
aspect ratio dispersed uniformly, the water vapor barrier
layer was excellent 1n denseness, and the water vapor barrier
properties and the gas barrier properties thereol greatly
improved (Examples 1 to 28).

Next, sealant layer-having gas barrier laminates were
ivestigated by variously changing the sealant layer therein.

Example 29

With stirring, 278.8 parts of an amionic binder, styrene-
acrylic (SA) resin emulsion (Herbil C-3) was added to 128.6
parts of an aqueous dispersion of a layered mnorganic com-
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pound (swelling mica, NTO-05) and stirred. 12.7 parts of a
cationic resin, modified polyamide (PA) resin (SP1203 (50))
was added thereto, and stirred. Further, 1.8 parts of an
aqueous 25% ammonia was added and stirred. Further,
dilution water was added to give a coating liquid for a water
vapor barrier layer having a solid concentration of 28%.

An aqueous solution of a water-soluble polymer, polyvi-
nyl alcohol (PVA, Poval PVA117) having a solid concen-

tration of 10% was prepared to be a coating liquid for a gas
barrier layer.

A water-dispersible resin, carboxy-modified polyolefin
(PO) polymer emulsion (Zaikthene AC) was diluted to have
a solid concentration of 20% to be a coating layer for a
sealant layer.

The resultant coating liquid for a water vapor barrier layer
was applied to one surface of bleached kraft paper so that the
coating amount of the liquid for a water vapor barrier layer
after dried could be 13 g/m?, using a Mayer bar, and then
dried 1n a hot air drying machine at 120° C. for 1 minute to
form a water vapor barrier layer. Further, on the water vapor
barrier layer, a coating liquid for a gas barrier layer was
applied so that the coating amount of the liqud for a gas
barrier layer after dried could be 2.0 g/m?, using a Mayer
bar, and then dried 1n a hot air drying machine at 120° C. for
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1 minute to form a gas barrier layer. Further, on the gas
barrier layer, a coating liquid for a sealant layer was applied
so that the coating amount of the liquid after dried could be
10 ¢/m?, using a Mayer bar, and then dried in a hot air drying
machine at 120° C. for 1 minute to form a sealant layer,
thereby giving a gas barrier laminate. The coating amount
was controlled by the solid concentration in the coating
liquid and by the count of the Mayer bar. A cross section of
the gas barrier laminate was visually observed on an
enlarged microscopic picture (electron microscopic picture)
thereol, and revealed that the water vapor barrier layer
formed a dense film with no void.

Example 30

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
the coating liquid for a sealant layer was changed to a

carboxy-modified polyolefin (PO) polymer emulsion (Zai-
kthene L).

Example 31

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
the coating liquid for a sealant layer was changed to a
carboxy-modified polyolefin (PO) polymer emulsion (Zai-
kthene N).

Example 32

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
the coating liquid for a sealant layer was changed to a
polyolefin (PE) elastomer emulsion (Chemipearl A400).

Example 33

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
the coating liquid for a sealant layer was changed to a
polyolefin (PE) elastomer emulsion (Chemipearl A100).

Example 34

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
the coating liquid for a sealant layer was changed to a
polyolefin (LDPE) elastomer emulsion (Chemipearl M200).

Example 35

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
the coating liquid for a sealant layer was changed to an
cthylene/vinyl acetate (EVA) emulsion (Chemipearl V200).

Example 36

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
the coating liquid for a sealant layer was changed to an
ionomer (1T0) emulsion (Chemipearl S200).

Example 37

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n
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the coating liquid for a sealant layer was changed to a
low-molecular-weight polyolefin (PE) wax emulsion

(Chemipearl W400).

Example 38

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that the water-dispersible resin 1n

the coating liquid for a sealant layer was changed to a
polylactic acid resin (PLA) emulsion (LANDY PL-3000).

Example 39

A gas barrier laminate was produced 1n the same manner
as in Example 1, except that 278.8 pars of the anionic binder,
styrene-acrylic resin emulsion in the coating liquid for a

water vapor barrier layer was changed to 285.4 parts of
acid-modified SBR latex (LX407512) and 29.7 parts of

acid-modified SBR latex (LX407BP-6). A cross section of
the gas barrier laminate was wvisually observed on an
enlarged microscopic picture (electron microscopic picture)
thereof, and revealed that the water vapor barrier layer
formed a dense film with no void.

Example 40

A gas barrier laminate was produced in the same manner
as 1 Example 1, except that 128.6 parts of the aqueous
dispersion of a layered inorganic compound (swelling mica,
NTO-05) was chanted to 9.0 parts of bentonite (swelling
bentonite, Kunipia F). A cross section of the gas barrier
laminate was visually observed on an enlarged microscopic
picture (electron microscopic picture) thereof, and revealed
that the water vapor barrier layer formed a dense film with
no void.

Example 41

A gas barrier laminate was produced 1n the same manner
as 1n Example 1, except that 128.6 parts of the aqueous
dispersion of a layered mnorganic compound (swelling mica,
NTO-05) was chanted to 600 parts of kaolin (BARRISURF
HX). A cross section of the gas barrier laminate was visually
observed on an enlarged microscopic picture (electron
microscopic picture) thereof, and revealed that the water
vapor barrier layer formed a porous film.

Comparative Example 7

A gas barrier laminate was produced in the same manner
as 1 Example 1, except that a cationic resin, modified
polyamide (PA) resin was not used 1n the coating liquid for
a water vapor barrier layer and that a sealant layer was not
formed.

Comparative Example 8

A barrier packaging material was produced in the same
manner as i Example 1, except that the sealant layer was
changed to a dry-laminate resin layer. The dry-laminate
layer was formed by dry lamination with an LLDPE {ilm.

The resultant gas barrier laminates were evaluated 1n
point of water vapor barrier properties (water vapor perme-
ability), gas barrier properties (oxygen permeability), disin-
tegrability and heat sealing properties. Evaluation methods
for disintegrability and heat sealing properties are as shown
below.
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(Disintegrability)

A sample sheet 1n a size of 1 cmx1 ¢cm was cut out of the
gas barrier laminate, and 8 g thereof was mixed 1n 500 ml
of water 1n a mixer for household use (concentration 1.6%),

26

(Heat Sealing Properties)

A paitr of gas barrier laminates were laid over so that the
sealant layers thereof could face each other, and using a heat
seal tester TP-701-B (by Tester Sangyo Co., Ltd.), these
were heat-sealed under the condition of 130° C., 0.5 MPa

: : 5
and stirred for 2 i utes 1o prepare a pulp‘ slurry. The pulp and 30 seconds, and evaluated according to the following
slurry was made into a paper sheet with a laboratory . . ‘.

_ _ criteria. In the performance evaluation, A and B are judged
hand-made paper machine. The resultant sheet was dried, to be good )
visually checked for ’[:fle presence or absence of yndlsmte- A: The pair of barrier packaging materials were heat-
g{'ated n}atters (e..g.,] film pieces, fiber tlocs, undls}ntegrated .o sealed and strongly fused.
pieces) 1n the dried sheet, and evaluated according to the B: The pair of barrier packaging materials were heat-
following criteria. In the performance evaluation, A 1s sealed and fused.
judged to be good. C: The pair of barrier packaging materials were not

A: No undisintegrated matters were contained, and a heat-sealed and were not fused.
uniform sheet was formed. 5 Evaluation results of the gas barrier laminates of
B: Undisintegrated matters were contained, and a uniform Examples 29 to 41 and Comparative Examples 7 and 8 are
sheet was not formed. shown 1n Table 3.
TABLE 3
Water Vapor Barrier Layer
Content of
Content of Layered
Cationic [norganic
Resin Aspect Thickness Compound
(anionic Kind of Ratio of of Layered (anionic
binder 100 Layered Layered Inorganic binder 100
Anionic parts) Inorganic Inorganic Compound parts)
Binder part by mass Compound  Compound nImn part by mass
Example 29 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 30 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 31 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 32 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 33 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 34 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 35 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 36 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 37 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 38 styrene- 4.5 mica 1000 5 5.1
acrylic-based
Example 39 SBR 4.5 mica 1000 5 5.1
Example 40 styrene- 4.5 bentonite 300 1 6.0
acrylic-based
Example 41 styrene- 4.5 kaolin 80-100 100 400.0
acrylic-based
Comparative styrene- 0.0 mica 1000 5 6.0
Example 7  acrylic-based
Comparative styrene- 4.5 kaolin 80-100 100 20.0
Example 8  acrylic-based
(as
Barrier Sealant Performance
Layer Layer Water Vapor Oxvygen Heat
Kind of Kind of  Permeability Permeability Sealing
Resin Resin o/m?-24h cc/m?- 24 h Disinittegrability = Properties
Example 29 PVA PO 10 1.0 A A
Example 30 PVA PO 10 1.0 A A
Example 31 PVA PO 10 1.0 A A
Example 32 PVA PE 10 1.0 A A
Example 33 PVA PE 10 1.0 A A
Example 34 PVA LDPE 10 1.0 A A
Example 35 PVA EVA 10 1.0 A A
Example 36 PVA 10 10 1.0 A A
Example 37 PVA PE 10 1.0 A A
Example 38 PVA PLA 10 1.0 A A
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TABLE 3-continued
Example 39 PVA PO 20 5.0
Example 40 PVA PO 10 1.0
Example 41 PVA PO 30 10.0
Comparative PVA — 70 10.0
Example 7
Comparative PVA LLDPE 10 1.0
Example 8

As obvious from Table 3, 1n the gas barrier laminates of
Examples 29 to 41, the water vapor barrier layer contained
a specified layered morganic compound and a cationic resin
and the sealant layer contained a water-dispersible resin, and
therefore these gas barrier laminates were excellent 1n water
vapor barrier properties, gas barrier properties, disintegra-
bility and heat sealing properties.

The gas barrier laminate of Comparative Example 7 did
not have a heat sealing layer and was therefore inferior in
heat sealing properties. In the gas barrier laminate of Com-
parative Example 8, the sealant layer was formed of a dry
laminate resin layer and therefore the gas barrier laminate
was inferior 1 disintegrability.

The 1nvention claimed 1s:

1. A gas barrier laminate having a water vapor barrier
layer and a gas barrier layer in that order on at least one
surface of a paper support, wherein:

the water vapor barrier layer comprises a layered inor-

ganic compound, a cationic resin and an anionic binder,

the aspect ratio of the layered inorganic compound 1s 80

Or more,

the thickness of the layered inorganic compound 1s 100

nm or less,

the content of the layered 1norganic compound 1s 1 to 50

parts by mass relative to 100 parts by mass of the
anionic binder,

the gas barnier layer comprises a water-soluble polymer,

and

the layered inorganic compound 1s at least one selected

from the group consisting of mica and bentonite.
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2. The gas barrier laminate according to claim 1, wherein
the anionic binder 1s at least one selected from the group
consisting of a styrene-butadiene copolymer, a styrene-
acrylic copolymer, and an olefin-unsaturated carboxylic acid
copolymer.

3. The gas barrier laminate according to claim 1, wherein
the surface charge of the cationic resin 1s 0.1 to 10 meqg/g.

4. The gas barrier laminate according to claim 1, wherein
the water-soluble polymer 1s a polyvinyl alcohol or a modi-
fied polyvinyl alcohol.

5. The gas barrier laminate according to claim 1, wherein
the gas barrier layer comprises a layered inorganic com-
pound that has the aspect ratio of 80 or more and the
thickness of 100 nm or less.

6. The gas barrier laminate according to claim 1, further
having a sealant layer as at least one outermost layer.

7. The gas barrier laminate according to claim 6, wherein
the sealant layer comprises a water-dispersible resin.

8. The gas barrier laminate according to claim 1, which 1s
a packaging material.

9. The gas barrier laminate according to claim 1, wherein
the content of the layered morganic compound 1s 1 to 42.3

parts by mass relative to 100 parts by mass of the anionic
binder.

10. The gas barrier laminate according to claim 1, wherein
the aspect ratio of the layered 1norganic compound 1s 300 or
more.
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